Abstract. Adenophora liliifolia is a relict plant species, endangered at European level. Its occurrence in Romania is limited to a very few sites. The amount of genetic diversity of plant species is a valuable indicator of population, being the baseline in developing proper strategies for their conservation. Inter-simple sequence repeats (ISSRs) markers were used to analyze polymorphism in A. liliifolia genome and to evaluate the genetic diversity and accordingly, the state of a recently identified population. Five ISSR primers, specially designed for plants, and containing different simple sequence repeat motifs were tested. A total of 52 ISSR fragments were generated of which 41 were polymorphic (78.84%) and 32 (61.53%) specific to Adenophora genus. The value of Shannon's index of genotypic diversity was 0.812. Jaccard similarity coefficient was calculated for pair wise comparisons among all individuals and ranged from 0.17 to 0.83. The genetic variability between individuals was 78.84% which suggests a relative high genetic differentiation. Although the level of genetic variability is moderate to high, the population is declining and exposed to demographic stochasticity. A possible cause is species germination requirements hampered by modification in vegetation structure and abundance. The population survival and reinforcement is conditioned by urgent measures for forest management in order to reduce herbaceous and shrubby vegetation and to limit mowing and grazing. Ex situ conservation measures are also proposed.
Introduction
Assessment of the level and distribution of genetic diversity within endangered species is critical to their management and conservation (Ge et al. 1999) . Adenophora liliifolia (L.) A.DC. (Campanulaceae) is a continental-eurasiatic plant species being the only species of genus Adenophora identified in Romania. As listed in Annex II (b) of the Habitats Directive (Anonymous1992) is considered a plant species of European Community interest whose conservation requires designation of special areas of conservation (Natura 2000 sites). Moreover, it is considered species indicator of thermophilous forest hotspots signaling remnant pools of biodiversity (Kiedrzyński & Jakubowska-Gabara 2014) . Species conservation status at European level was assessed as "Unfavourable bad", for both reporting periods (2001-2006 and 2007-2012) under article 17 of Habitats Directive (European Topic Centre on Biological Diversity).
The main habitats for the species are open woodlands and fields with damp light (sandy) to medium (loamy) acid, neutral or basic (alkaline) soils, namely wet meadows of Molinion, dry grassland of Festuco-Brometea and forests of Quercetalia pubescenti-petraea (Ghişa 1964 , Ciosek 2006 . Even though this species was not included in any national red list/book in Romania, it is obvious that natural sites with A. liliifolia dramatically decreased over the last 50 years. More precisely, out of the 34 sites with A. liliifolia listed by E.V. Ghişa in 1964 , only a number of 6 were reconfirmed after the nineties (Sârbu 2006) . Moreover, in the last 5 years we have reconfirmed only one site out of the 6 reported, where only one small size population was identified (unpublished data). Apart from the previously reported sites, two new additional sites were identified in Transylvania but unfortunately, only one was recently confirmed (Indreica 2011) . This new site was identified near Herculian village (Covasna County) and encloses a small population of A. liliifolia in a dry-mesic oak forest.
To date, worldwide there is a little information available on the genetic variability of this species. Although the critical conservation status of the species was known since nineties, at European level are no studies upon the level of genetic variation among or within populations. The only studies upon population genetics in A. liliifolia were made by Boronikova and refer to four populations from Ural region (Perm) (Boronnikova 2009 ). The same author developed also four IRAP (Inter-Retrotransposons Amplified Polymorphisms) markers as tools for future genetic assessment of A. liifolia populations (Boronikova & Kalendar 2010) . Moreover, the lack of information about genetic variability concerns the entire genus Adenophora where except Boronikova's studies there are only a few and refers to A. lobophylla, A. potaninii (Ge et al. 1999) , A. pallustris (Masumoto et al. 2011 ) and A. grandiflora (Chung & Epperson 1999) .
Taking into account the lack of studies upon genetic variability within Adenophora genus in general and A. liliifolia in particular, the present work was focused on genetic characterization of a newly identified population in order to assess its state. We have considered for assessment only the new indentified population because in the last 10 years, at national level was not identified another population stable, in a favorable conservation status, or with more individuals. The assessment was made at DNA level using the Inter-simple sequence repeat (ISSR) method. ISSR amplification uses PCR amplification of DNA to identify the genetic differences between repeated motives of microsatellite sequences occurring within coding regions, both centromeric and telomeric, that are highly polymorphic (Ziekiewicz et al. 1994) . The primers anneal to simple-sequence repeats that are abundant throughout the eukaryotic genome (Tautz & Renz 1984) and this method does not require prior knowledge of DNA sequence for primer design. Compared with RAPD, ISSRs can be highly variable within species and have the advantage in longer primers, allowing for more precise annealing temperatures and generating a much higher number of polymorphic fragments (Bornet & Branchard 2001) . Accordingly, ISSR have been widely used to detect polymorphism and to evaluate genetic diversity in many plant species including A. liliifolia (Boronnikova 2009) . This is the first study upon the genetic structure of a natural population of A. liliifolia at European level. The aim of the present study was to reveal the level of genetic diversity and to assess the population status, in order to understand the causes of population decline and accordingly to suggest some forest management measures and conservation strategies. The data gained may contribute particularly to the population survival and reinforcement, and further for species conservation.
Materials and methods
The plant material was collected in late July 2014, from a natural population recently identified near Herculian village (Covasna county) (Indreica 2011 ). The population was small consisting of 12 individuals scattered over an area of about 2500 square meters. Fresh young leaves from each individual were dried in silica gel and stored at -20˚C until processing. In order to evaluate the level of genus specificity of the primers an outlier sample of Campanula rapunculoides L. was added to those of Adenophora.
DNA extraction and PCR amplification were performed simultaneous directly from plant samples without DNA purification, using a Thermo Scientific Phire Plant Direct PCR Kit. This method was based on the activity of Phire Hot Start II DNA Polymerase, a specially engineered enzyme with a DNA binding domain which was recognised as tolerant of many PCR inhibitors present in plant material. Following an initial screen of 25
primers -others than those tested by Boronnikova (2009) -only 5 were selected as suitable for Adenophora species. Reactions were carried out in a total volume of 20 µl consisting of 9.4 µl nuclease free water, 10 µl Phire Plant PCR Buffer, 0.4 µl Phire Hot Start II Polymerase, 0.2 µl primer (0.5 µM), and 0.5mm punch of plant sample. PCR was performed using an Eppendorf thermal cycler (Mastercycler Gradient). Amplifications were performed using the following programme: pre-de naturation for 2 min at 94°C, 35 cycles of 30 s at 94°C, 45 s at annealing temperature (44°C), 30 s at 72°C, and 10 min at 72°C for final extension. PCR products were electrophoretically separated in 1.5 % agarose gels buffered with 1 X TBE containing ethidium bromide (0.5µg x ml -1 ) at constant voltage of 120V for one hour. O'GeneRuler TM 50bp (1000 -50 bp) DNA Ladder (Fermentas) was used as size marker. PCR products were visualized and analyzed under GENi Gel Documentation System from SynGene.
Band scoring and data analyses were performed using Gene Tools software (SynGene, Cambridge, UK, version 4.02). Each amplification fragment was considered as a dominant allele for a given locus. The fingerprint pattern of the bands was transformed into a binary character matrix with 1 for presence and 0 for absence of a band of a particular position in a lane. For each polymorphic profile were generated similarity matrices. Genetic similarities among individuals were quantified with the Jaccard similarity coefficient and visualized using a cluster analysis (unweighted pair-group method with arithmetic averages, UPGMA) and illustrated in a dendrogram. Genetic variability within population was estimated as percentage of polymorphic loci. For more accuracy, the degree of within-population genetic diversity was quantified also, using Shannon's index of diversity, estimated as -Σ p i x ln p i , where p i was the relative frequency of i th allele (Lewontin 1972) .
Results
The assessed population consisted of 12 mature individuals, in flowering and fructification stage, up to 80 cm tall, some of them visible grazed. Inflorescences were well developed bearing up to 40 flowers. The five ISSR primers produced a total of 52 clear and distinct bands that could be scored. Of these bands 41 (78.84%) were polymorphic and 32 (61.53%) specific to genus Adenophora compared with Campanula. The total number of scored bands varied from 15 for primer HB15 to 6 for primer 17899B with a mean of 10.4 bands per primer (Table 1) .
Shannon index of diversity was calculated as 0.812 and shows a relative high level of genetic diversity between the individuals of the population. This value was sustained by the percentage of the polymorphic loci (78.84%). The similarity matrix showing Jaccard's coefficient for similarity ranged from 0.173349 (for pair 8 -2) to 0.839 (for pair 6 -10). Comparisons with sample 13 were excluded, because this was considered outlier and corresponds to genus Campanula (Table 2) .
The ISSR-based UPGMA dendrogram showed that the individuals were grouped in three main clusters: cluster I, small and tight, made by two individuals (4 and 8), cluster II, small but not so tight, made by three individuals (7, 2 and 11), and cluster III the largest made by six individuals (9, 3, 6, 10, 1 and 5). A relative distinct branch, but with affinities with both cluster II and cluster III, leaded to individual 12. A completely separate branch is represented by individual 13 (Figure 1 ).
Discussion
In conservation genetics was statuated that genetic variability is beneficial, hence worth to be preserved as a primary concern (Pertoldi et al. 2007) . Even under permissive conditions, populations with very low genetic diversity demonstrated reduced fitness relative to high diversity populations. Our data revealed a relatively high genetic diversity within a population with a very low number of individuals. Even though the level of genetic diversity could sustain population stability, the low number of individuals is far from enough to ensure population survival. As shown in the reports of EU countries issued under article 17 of Habitats Directive, a population of A. liliifolia could be considered stable if the number of individuals are between 3500 -4200 while between 2700 -3000 is considered "Unfavourable -inadequate" and between 1950 -2000 "Unfavourable-bad" (European Topic Centre on Biological Diversity). The size of Romanian population of A. liliifolia is far away from these figures. The level of genetic diversity within population may be explained by sexual reproduction and gene flow when the population size was much larger than the current one. The very limited number of mature individuals and the absence of young plants showed that there are some factors that significantly reduced the propagation through Primers sequence and number of loci scored Table 2 Note. 1-12 Adenophora samples, 13 -Campanula rapunculoides sample seeds and the actual population is probably the remnant of a much wider population, currently fragmented and declining. Given its current narrow distribution A. liliifolia appears to be extremely vulnerable to habitat reduction and modifications in habitat structure. According to a report published by European Environment Agency (13 July 2009), upon conservation status at European level of A. liliifolia, the species is threatened by overgrowth from shrubby vegetation and also by inappropriate forest management (Anonymous 2009 ). The pathway of how overgrowth of vegetation impedes the increase of Adenophora populations is still unknown. A reasonable explanation could reside in germination requirements. A recent study revealed that seed germination requires light in all members of Campanulaceae family, especially smaller seeded taxa including Adenophora species (Koutsovoulou et al. 2014) . Horticultural practice with A. liliifolia confirms that the seed should be surface sowed to germinate (Cullen et al. 2011 ). The inhibitory effect of darkness could be enhanced by decreased oxygen and increased carbon dioxide levels into a shaded soil litter (Baskin & Baskin 2001) . Increases in shadow level decreased the percent of seed germination and reduced dramatically population number and consequently the variability, which is ensured by sexual propagation. As a result, population declined in both number and fitness. Studies upon spatial distribution of individuals within two populations of A. grandiflora, which reproduced both vegetatively and sexual, showed that clonal reproduction is very localized, with most ramets occurring within less than 10 meters (Chung & Epperson 1999 ). If we assume that A. liliifolia should exhibit a similar reproductive behaviour, the individuals located at distance of more than 10 m could not result from clonal propagation. Field data collected by us showed that the individuals were solitary and scattered over the habitat at distances which could not result from vegetative propagation (more than 20 m). Also, the three main clusters from the UPGMA tree clearly shows that the individuals are not clones and suggest that some individuals originate from same source of seed (parent) such as the pairs 4 -8, 2 -11, 6 -10, and 1 -5. The dendrogram shows also, different levels of relatedness within all the individuals (except individual 13, which belong to Campanula genus, configuration ISSR-based UPGMA dendrogram for entire Adenophora liifolia population (1-12 samples from Adenophora individuals, 13-sample from Campanula rapunculoides) Figure 1 that sustain the accuracy of obtained data). In summary, spatial distribution of the individuals within population, incomplete age pattern, and the heterogeneous genetic structure, confirms the assumption that all the population originate from seeds. We can state also, that currently both propagation types through seeds and vegetatively, are absent, since young plants were lacking and the numbers of individuals were the same as recorded in 2009 (Indreica 2011) . Besides, the absence of the propagation seems to be correlated with the well developed and in expanding herbaceous and shrubby vegetation. Some studies summarised by Hamrick & Godt (1994) have argued that populations decline and species extinction are more often due to ecological and demographic causes rather than the lack of genetic variation. This is more likely the case of A. liliifolia. Although the assessed level of genetic variability could sustain species survival the population is endangered by the extremely reduce number of individuals being highly vulnerable to demographic stochasticity. Population could survive only if the number of individuals will increase significantly. This would be possible only if appropriate measures for forest management and conservation are taken. The forest management measures should be conducted in order to limit herbaceous (mostly the invasive species as Urtica dioica) and shrubby vegetation spreading and excessive development, allowing the ground seed to be exposed to light and to germinate. In addition, should be taken some measure to limit mowing and grazing (goats graze Adenophora inflorescences). Taking into account that from seed to a mature individual able to produce flowers and seeds takes 2 years in A. liliifolia (Shulkina et al. 2003) , if only ten seeds from each individual succeed to germinate and develop, in only 6 years this small and endangered population could be significantly reinforced. Furthermore, consecutive with the forest management measures a periodic genetic survey of the population should be taken, the data gained by the present study being the baseline for a genetic monitoring of this population in future decades. Genetic monitoring by quantifying the temporal changes in population genetics is a useful tool for evaluating the cumulative effects of habitat fragmentation (Schwartz et al. 2007 ). Also, ex situ conservation measures need to be undertaken to preserve this new identified pool of species variability. As ex situ conservation measure we suggest collection of mature seeds and preservation in seed bank, following the Polish example (Puchalski et al. 2014) . Another efficient conservation measure could be cultivation in botanical gardens, parks, private gardens, etc., the species being very decorative, fragrant and easy to grow (Cullen et al. 2011) . Cultivation in private gardens is practised abroad relative frequent, but unfortunately most of the seeds sold and traded as from A.liliifolia are actually from Campanula rapunculoides, therefore for horticultural practices a trusted source is required. At national level, to our knowledge, no botanical gardens cultivate A. liliifolia, probably due to the lack of autochthonous seeds. This newly identified population could be a valuable seed source for ex situ cultivation.
Conlusions
The present study indicated that the A. liliifolia population is probably the remnant of a much wider population. The level of genetic diversity may sustain population stability if the conditions for seed dispersal and germination are fulfilled and growth and development of new individuals is sustained. One of possible causes for population decline is the overgrowth of shrubby and herbaceous vegetation that impede seed germination. Population could be reinforced through a range of in situ measures, e.g. clearings to create areas of exposed ground where seed could germinate, removal of invasive species, impeding mowing and grazing, etc. In situ measures are also important to preserve the specific habitat for A. liliifolia, which is one with high conservative value as it encloses remaining of old natural forests which preserve pools of relict species. In addition, some ex situ conservation measures should be taken to preserve species germplasm as seeds (in seed banks) or by cultivation. Genetic data revealed by this study are important as the baseline for a future genetic monitoring of the population and also to contribute to understanding and stopping the populations decline currently generalised in whole Europe. Further investigations upon species ecology, especially on germination are required to better understand the whole synergic factors influencing population decline. Germination specific requirements for A. liliifolia conjugated with habitat fragmentation and habitat structure alteration, may explain the decline of this species at European level.
